This study compared the antibacterial effect of 2% clindamycin and 2% and 100% concentration of triple antibiotic paste (TAP) on an Enterococcus faecalis biofilm. Dentinal tubules of 100 root specimens were infected and randomly assigned to five groups. A total of 1000 mg mL À1 of TAP, 20 mg mL À1 of TAP and clindamycin, calcium hydroxide or methylcellulose (control) were placed in the root canal for 1 week. After treatment, dentine shavings were collected from 200 and 400 lm dentine depth and the number of colony-forming units (CFU) per mg was determined. Reduction in viable bacteria in first three groups was significantly better than calcium hydroxide and control groups. However, the antimicrobial effectiveness among these three groups was not significantly different from each other. There was no significant difference between data at 200 and 400 lm in all groups except the Ca(OH) 2 group. The antibiofilm effect of clindamycin was comparable with TAP, so it may be used instead of TAP.
Introduction
One of the main goals of root canal treatment is to eliminate bacteria and their by-products from the root canal system. The success rate of endodontic treatment could be at least 26% higher if there were not any bacteria in root canal system (1) . Chemomechanical instrumentation can eliminate the majority of infecting bacteria but complete disinfection is not achieved by this way because of root canals anatomical complexity and bacterial variety, so the use of intracanal medicaments to disinfect the root canal system has been suggested for achieving long term successful outcome of treatment (2) .
Calcium hydroxide has been widely used in endodontic treatments. The main benefit of calcium hydroxide as an intracanal medicament is the bactericidal effect related to its high pH (3) . However, recent studies showed its low antibacterial effect on Enterococcus faecalis, a resistant microorganism observed in primary and secondary infections (4) (5) (6) . The antimicrobial efficacy of Ca(OH) 2 on microorganisms in the dentinal tubules is also questionable (7) .
The triple antibiotic paste (TAP), mixture of metronidazole, ciprofloxacine and minocycline has been suggested as an intracanal medicament for disinfection of infected root canal dentine (8) ; but there is some concerns with using TAP. Discoloration is a real concern in teeth treated with TAP (9) . The use of TAP also significantly reduced dentine flexural strength, microhardness and root resistance to fracture (10) . High concentrations of TAP were found to be toxic to dental papillae stem cells and it affects negatively on their attachment and proliferation. Therefore, recent studies recommended low concentrations of TAP to reduce its toxicity (11) .
Application of an antibiotic, which has a comprehensive antibacterial effect against endodontic pathogens with minimum discoloration and cytotoxic effects on various stem cells, might result in successful clinical outcomes. Clindamycin is widely used in endodontic treatment as a systemic antibiotic because of its efficiency in treatment of acute infections and flare-ups (12) . Clindamycin could be effective against various endodontic pathogens in the main canal and dentinal tubules (13) (14) (15) . Also, no discoloration has been reported following short term application of clindamycin (16, 17) . In many studies, clindamycin or clindamycin containing agents have been used as an intracanal medicament, and its antibacterial effect was evaluated (18) (19) (20) ; but there is no study comparing antibacterial efficiency of clindamycin with TAP on E. faecalis biofilm eradication. Thus, the aim of our study was to evaluate and compare the antibacterial effect of 2% Clindamycin gel and 2% and 100% triantibiotic gel (TAP) and calcium hydroxide in dentine tubular infection with E. faecalis.
Materials and methods

Specimens preparation
The model proposed by Haapasalo and Orstavik was modified for this study (21) . 100 extracted single-rooted human teeth with mature apices were selected for this study. A slow-speed handpiece diamond disc (Dorsa, HLF 86, Tehran, Iran) under water cooling was used to cut the crown below CEJ and the apical part of the root. Cementum was removed from the root surface using cylindrical diamond burs (Mani Inc, Takanezawa, Japan) in a high-speed hand piece, under water cooling. By this procedure 6 mm cylinders of radicular dentine from the middle third of the root with an external diameter of 4 mm were achieved. The internal diameter of the root canal space was standardized to Gates-Glidden drill No.3 (Mani Inc, Takanezawa, Japan). Longitudinal grooves were cut along the entire length of two randomly selected samples for Scanning Electron Microscopic (SEM) evaluation. Smear layer, was removed by rinsing the specimens in an ultrasonic bath (Ultrasonic Bath, Vector 55, Jeltraft, Jelenko) with 17% EDTA (pH = 7.8) for 5 min followed by 5.25% NaOCl for 5 min and then diluted water for 10 min. The smear layer removal was confirmed by the scanning electron microscope (SEM).
Enterococcus faecalis biofilm growth
Specimens were transferred to separate test tubes containing 1 mL of tryptone soya broth (TSB; Merck, Darmstadt, Germany) and then they were sterilized in an autoclave for 20 min at 121°C and 15 psi. All the specimens were incubated at 37°C for 24 h to confirm sterilization.
For contamination of dentinal tubules and biofilm formation, 0.5 mL of an inoculum of E. faecalis (ATCC 9854), equivalent to 0.5 McFarland standard, was transferred aseptically to presterilized individual test tubes containing 1 mL of fresh TSB and sterile dentine blocks. All the procedures were carried out under laminar flow. The specimens were incubated at 37°C for 21 days. The medium was replaced every 2 days with fresh medium. The purity of the cultures was checked by gram test and subculturing 5 microliter of broth from the incubated dentine blocks tubes on Bile Esculline Azide agar plates (Merck, Darmstadt, Germany).
After contamination period, two samples were split with a hammer and chisel into two halves. Monitoring of bacterial biofilm development into dentinal tubules was assessed by SEM examination.
Preparation of medicaments
To prepare 1000 mg mL À1 of TAP, 1000 mg antibiotic powder compounded from equal portions of metronidazole, ciprofloxacin (Merck, Germany) and minocycline (GALENpharma GmbH, Wittland13, Germany) were mixed with 1 mL sterile water at room temperature. A diluted paste like 20 mg mL À1 of TAP was prepared by mixing 20 mg TAP antibiotic powder with 1 mL sterile water. Then, 40 mg methylcellulose powder (Merck, Germany) was added to 1 mL of 20 mg mL À1 solution of TAP and mixed for 2 h using a magnetic stir bar to obtain a homogenous 20 mg mL À1 of TAP.
For preparing 20 mg mL À1 of clindamycin, 20 mg of clindamycin powder (Merck, Germany) was mixed with 1 ml sterile water; 40 mg methylcellulose was added as described. 40 mg mL À1 of methylcellulose, the same concentration that was used for medicaments, was prepared for control group. Calcium hydroxide (Merck, Germany) was mixed with sterile saline in a ratio of 1:1.
Treatment of infected specimens
After the incubation period, the specimens were irrigated with 1 mL of sterile normal saline (NaCl 0.9%(,(Darupakhsh, Tehran, Iran) for 10 min to remove the incubation broth. Then outer surface of the specimens were coated with two layers of nail varnish. The specimens were randomly divided into five groups including 1000 mg mL À1 TAP, 20 mg mL À1 TAP, 20 mg mL À1 clindamycin, calcium hydroxide and methylcelloulose (control). The paste was carried into canals using lentulo spiral No.40 (Dyna, Bourges, France) and dentinal blocks were sealed at both ends with paraffin wax; to simulate the clinical condition. The specimens were incubated at 37°C and 100% humidity for 1 week. At the end of 7 days, the paraffin wax was removed and the root canals were irrigated using 10 mL of sterile normal saline. Dentine shavings were collected at two depths (200 lm and 400 lm) with Gates-Gliden dills No. 4 and 5 respectively. The dentine shavings that were obtained with each Gates were immediately and separately collected in weighted microtubes (weighed on a digital scale (Sartorius, Germany) to 10 À4 precision). The weight of dentine shavings were evaluated by subtraction of the weight of microtube after and before collecting the shavings. Then, 1 mL of TSB was poured in every microtube and incubated for 24 h at 37°C. After 24 h, the content of each tube was serially diluted, 1 mL of the broth in 9 mL of the sterile saline for 10 times. 50 lL of the dilution was spread on Brain-Heart infusion agar plates (BHI, Merck, Darmstadt, Germany); then incubated for 24 h at 37°C. The colony forming units were counted in; according with the recorded weight of dentine shavings and the number of CFU mg À1 of dentine shavings was determined (22) . After counting, the purity of cultures was checked by gram staining and sub culturing on Bile Escullin Azide agar plate.
Statistical analyses
The data were statistically analyzed with the KruskalWallis test to assess the differences in antibacterial efficacy (CFU mg
À1
) between groups. For checking the difference between each two group, Mann-Whitney test was used. The Wilcoxon Signed Ranks test was used to check bacterial growth difference between 200 lm and 400 lm depth.
Results
At the end of 21 days incubation SEM examination showed that E. feacalis colonized on dentine surfaces, developed towards dentinal tubules and formed a mature biofilm (Fig. 1) . There was statistically significant reduction in the mean number of colony forming units (CFU) of E. feacalis per mg of dentine shavings after 1 week using medicaments at both 200 lm and 400 lm (P < 0.001). All of the medicaments used, were significantly had better antibacterial effect than Ca(OH) 2 at both 200 lm and 400 lm (P < 0.001). Noticeably, at 400 lm, Ca(OH) 2 group showed higher mean CFU than 200 lm and positive control and there was no statistically difference between these two groups at 400 lm (P = 0.066). However, at 200 lm, calcium hydroxide was shown better antibacterial effect than positive control (P < 0.001). The antimicrobial effect of TAP 2%, TAP 100% and clindamycin 2% was statistically similar to each other at both 200 lm and 400 lm (Table 1) . Table 2 summarized the percentage of bacterial free samples in different experimental groups at both depths.
Discussion
Clindamycin was used as the antibiotic medicament in this study because it was successfully used in previous studies (13, 19) . It was suggested that this antibiotic has better antibiofilm effect in comparison with the other intracanal medicaments, such as tetracycline, doxycycline, chlorhexidine and propolis (4, 23) . TAP was chosen as another medicament because it was successfully used in eradication of endodontic infections (11) . In this study, 20 mg mL À1 of TAP and clindamycin in a methylcellulose vehicle system were compared with 1000 mg mL
À1
of TAP to examine the ability of diluted medicaments to achieve a sterile root canal system. Methylcellulose was used as a vehicle to make low concentrations of intracanal medicaments clinically applicable. Methylcellulose, a non-cytotoxic material, is considered to prolong the therapeutic effect (24). 3-week-old E. feacalis biofilm was used in this study because it is more resistant to disinfectants used, in comparison with younger biofilm. E. faecalis, a Gram-positive facultative anaerobe, was selected as a test microorganism because it is usually found in the failed root canal therapy cases and has been found to survive as a monoinfection bacteria in root canals and persists within the tubules for at least 10 days without nutrient (25) . Different studies have used E. faecalis to assess antibacterial effectiveness of intracanal medications. This is due to the strain being found in failed root canal treatment with persistent periapical pathosis and is highly resistant against antibacterial agents (11, 22, 23, 25) . However, it must be taken into consideration that endodontic infections are polymicrobial and E. faecalis is not representative of the abundant flora in primary endodontic infections. Also, new studies suggest the probability of overestimation of its role even in treatment failure (26, 27) . Our study indicated that 20 mg mL À1 of clindamycin had a significant antibiofilm effect (more than 95% reduction in viable bacteria) at both 200 and 400 lm depth. Clindamycin is a broad spectrum antibiotic that has been used commonly for more than three decades (12) . Some articles recommended clindamycin as a first line drug in the management of odontogenic infections (28) . Clindamycin therapeutic concentration is usually maintained at the site of infection, so it is useful for local infection like adult periodontitis and periapical infection (29) . On the contrary to local application, however systemic usage of clindamycin is associated with some gastrointestinal side effects such as diarrhea and pseudomembranous colitis (30) . In this study, 1000 mg mL À1 and 20 mg mL À1 of TAP provided effective eradication of E. feacalis biofilm at both 200 and 400 lm. This antibiofilm effect was exactly similar to 20 mg mL À1 clindamycin, so that the same concentration of clindamycin alone was showed the same efficacy in comparison with TAP. The common used concentration of TAP in the clinical condition is 1000 mg mL À1 that recently has been shown toxic for apical papillae and dental pulp stem cells (31) . Recent studies indicated highly unfavorable effect of TAP on surface roughness and the colour of dentine (32, 33) , so a reduced concentration of TAP in our study was used. It has been suggested that using more than one antibiotic can increase the risk of antibiotic resistance and hypersensitivity, so mono antibiotic medicament such as clindamycin might provide more advantages over triple antibiotic regimen. Ca(OH) 2 showed an antibiofilm effect at 200 lm depth without complete elimination of the biofilm. But the antimicrobial effect of Calcium hydroxide was not significantly different from positive control at depth of 400 lm. This result partially disagrees with some studies that found antibiofilm effect of Ca(OH) 2 at both 200 and 400 lm (34) . This disagreement could be due to the different particle size of Ca(OH) 2. On the other hand, calcium hydroxide diffuses widely, the hydroxyl ion concentration decreases, and its antibacterial actions will reduced (3). This study indicated that Ca (OH) 2 has antibiofilm effect at a depth of 200 lm, which in lines with the previous studies (35) . Despite the wide clinical use of Ca(OH) 2 , this study indicated that calcium hydroxide, as an intracanal medicament, doesn't provide favourable antibacterial efficacy when compared with antibiotic medicaments like Clindamycin. Moreover, Ca(OH) 2 has no cytotoxic effect on stem cells, but it can affect the mechanical, physical and chemical properties of surface dentine negatively within a few weeks (34) .
Conclusion
The finding of this study indicated that 20 mg mL À1 of clindamycin in a methylcellulose vehicle system has the same antibiofilm effect compared with 20 mg mL À1 and 1000 mg mL À1 of TAP which could eliminate the mature 3-week-old E. feacalis biofilm through 400 lm depth from the inner canal space. Therefore, for eradiation of E. feacalis biofilm, 20 mg mL À1 of clindamycin or TAP can be considered instead of full concentration. Furthermore, the antibacterial effect of Ca(OH) 2 is limited to only 200 lm depth of inner canal with even less effectiveness.
